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Description 

rigid of mi Invention 

This invention relates to eiectrosurgxal tissue treat- 
ment, end in particular, to a method and apparatus tor 
controlfing the electrosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

i 

Background of the Invention 

Electrosurgical generators a/e used to deliver ther- 
apeutic electrical energy to surgical instruments these 
instruments are used for example, tor cutting, coagu ta- 
lon, tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgical energy in the radio frequency {RF) range to such 
instruments. Usually such generators include controls 
that regulate the voltage andtor current so that a select 
power level is approximately delivered and a maximum 
power level is not exceeded. 

When such RF generators are used, the primary 
control is #ie experience of the surgeon who responds 
to what is observed to be happening to the tissue as it is 
treated with the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot readily see what is 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur so quickly »° as 
not to afford time for the surgeon to react scon enough 
to turn off electrical energy to the instrument As a result, 
some problems which may occur include tissue dwnnq. 
sticking of tissue to the electrodes of the surgical instru- 
ment, and over or under treatment of tissue. 

It has been recognized that the tissue impedance 
changes as RF energy is applied to the tissue Attempts 
have been made to control the power delivered to the 
tissue as fee tissue impe da n ce changes. For example, 
current has been controlled baaed on the change in the 
vottage or the power delivered by the generator to tissue 
The differential quotient of tissue impedance as RF pow- 
er is applied to me tissue has been used to determine 
an initial power level and to switch oft RF power when 
the differential quotient of impedance reaches a preset 
value. 

Notwithstanding these control arrangements, there 
is a continuing need tor improvement in the control of 
electrosurgical energy deliverance to the tissue andfor 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end point of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
varying tissue composition; tissue types and treated tis- 
sue areas anoVor volumes. 

The present invention relates to a devce and meth- 
od of the type described in EP-A-O 640 317. 



Summary of the Invention 

The present invention provides an impedance mon- 
itoring device andter method which monitors the imped' 

5 ance of tissue between poles of a therapeutic electrosur- 
gical instrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
electrosurgical energy/the monitored tissue impedance 
is used to determine tissue status. This will be described 

to in more detail below A signal Indicating status of Useue 
is provided either to a user or to an inatnjmentaxitroter 
The device may also include m switch which automati- 
cally turns off the electrical energy when treatment b 
completed 

'5 In accordance with the present invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance as electrical energy is de- 
livered to tissue. A pooftfng to known tissue impedance 
models, tissue rrpedance irtfiaJtyo^opeaselectncalen- 
90 ©fgy » appfced and then begins to rise again as coagu- 
lation occurs. The present Invention provides tor estab- 
lishing a vajue for the minimum impedance, ie.. when 
the impedance is at Us lowest value as the energy is ap- 
plied. Thee; the ntpedancefvaJue anticipated to provide 
2s the desinejf tissue effect w oWernwed by aeo^ing a 
selected function of the es t ablished minimum vnped- 
ance. When the measured impedance rises to the level 
of the impedance value for the desired result' kg., co- 
agulation, tissue we i r Jng or a level of diathermy, the in- 
jo strument w» indicate or provide a response for such 
event. The present invention is preferably adapted so 
that the condition is detected for a range of expected tis- 
sue impedances which vanes according to tissue type, 
area and/or volume. 
OS \n a preferred embodiment the desired tissue condi- 
tion is where coagulation is completed. When this point 
has been reached a feedback signal Is provided to a con- 
trol unit or to the user, at which time me energy supply 
is switched off. The feedback signal may. for example, 
provide a visual, audible or tactile signal to a ueer. anoVor 
may provide instructions to a control unit to automatieaty 
turn off energy supplied to the tissue. 

Optionally, the device may atoo include a switch, 
adapted to turn off electrical energy when a short circuit 
4* condition is detected, when an open circuit condrtton is 
detected or when the device is on. i.e.. supplying current 
or voltage for a preset maximum amount of time. 

tn accordance with one aspect of the present inven- 
tion, an electrosurgical apparatus for coagulating tissue 
during a surgical procedure comprises en end effector 
with opposing interfacing surfaces which may be closed 
towards each other to engage tissue to be elec*rosurg>- 
caty treated. Preferably the end effector includes first 
and second elements movable relative to one another 
ss lor engaging tissue to be coagulated therebetween. At 
least one of the etectncat potest 
prised of an electrode associated with at toast one of the 

first and •econcf »lemew — . TK* *t*etrorf« im in contort 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contact electrode^) ol the first andtor 
second elements. 

Impedance measuring circuitry is coupled to theRF 
generator output and measures trie impedance of the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device for determriing a minimum imped- 
ance value end holding sax) minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of the held minimum impedance value. 

the threshold determining circuit may comprise an 
analog devce for determining the function of minimum 
r impedan c e or a digital circuit *K*up1ng. lor example, a 
look up table tor determining the threshold impedance 
value based on an input minimum impedance vakie. 

After e threshold value has been ctelermined. a first 
comparator compares the measured impedance value 
to mrestfoto impedance value and generates a power 
control signal to the power controller to control the RF 
energy deiyered to the tissue upon the condition otthe 
measured vhpedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical, 
switch lor selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the lirst and 
second elements. 

The p ow er controier may selectively switch oft the 
power suppfied Jo the tissue under a number of condi- 
tions. The conUoOer may be used to switch off power 
when the measured impedance velue exceeds the 
threshold impedance value, when an open circuit cenov 
tion or a short circuit condition exists, or if voltage and 
cunent is supplied for a period of time exceeding a max- 



Another aspect of the present invenik^ provides a 
control device tor bringing the energy output of the gen- 
erator within an optimal range determried by a system 
toad curve. The control device uses measured toad im- 
pedance to determine the desired energy level output 
and compares the desired energy output to me actual 
energy delivered to a target including tissue. The control 
device takes the resulting comparison and controls the 
generator outoutecooro%tgry. 

Although the instrument may bo a monopoJaro>v^ 
or a multipolar device including two or more than two 
poles, the and effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 
opposite potos. 

In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the opposvtg surfaces. Each ol the tirat and sec- 
ond electncany opposite poles comprises at toast one tis 
sue contacting e lectrode . Th» •tectrodes err 



on the distal end of the electrosurgxal devce so that 
when me first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 

s ing circuit monitors the impedance of the tissue between 
the electrodes during the defivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares the measured h*>edance 

to values to the determir^ thresh^ 

generates a control signal to switch oil the RF power de- 
livered to the t issue: 'upon the condition of measured im- 
pedance value exceeding the threshold impedan c e val- 
ue. 

»5 In brie pref erred i embodiment each of me electron 
corresponding to the first pole are offset with respect to 
the interfacing surface from each ol the electrodes cor- 
respondrtg to the second pole. In other words, the elec- 
trodes are offset from each other so that they are not 
20 diametricaty opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface. 

In the preferred* embedimerri the eloctrosurgieal in- 
strument compresses tissue m a compression zone be- 
3* tween the first interfacing Surface and the second inter- 
facing surface and appltos electrical energy through the 
compression zone. More preferably, the compression 
zone is an area defined by a compression rid^ on one 
of me rtterteong surfaces which congresses the tissue 
30 against the other interfacing surface Alternatively or in 
actitton. there may be a compression ridge on both in- 
terfacing surfaces. 

Or* embodiment inctudes a cutting eler^ 
ciated with an end effectoc The cutting element rs ar- 
3S ranged to cut tissue at or near me co agula ti on site. Pref- 
eraJbly. the coagulation is completed prior to any me- 
chanical or other cutting at or around Mccrifeutalton 
site. Once tissue is coagulated or ca^ the cutting 
element may be used to cut through the coagulated tis- 
40 sue or between two zones of tissue coagutatton 
toanc4hererrtoodST*h* 
corporaied into a linear cutter simtter to a linear cutting 
mechanical stapler. In this embodiment the hemostatic 
devtoe compnsee two subelanti^ 
*$ ed electrode bars which are aseocisied Witti one pole, 
and a slot tor cutting means to travel between the bare. 
Optionally one or more rows of staples rnay provide on 
each side of the slot and bars to provide aooWonat he- 



50 
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In operation tissue is clamped between two jawsof 
the wstrument and electrical energy « me form of radto 
frequency CRF") energy is supplied to me ccmpressed 
tissue to coagulate or cauterize blood vessels along the 
two substantialy paraiel bars. Based on the impedance 
modeling ol me device with tho epedfte etectrods con- 
figuration, an appropriate function of the mk*num ■im- 
pedance is incorporated into the impedance ******* 

crew* to c**t~TTw>* an oooroorbu •Sr M He«d i — 
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t*vel A warning mechanism is used to warn the user 
when me impedance is out of range or exceeds the 
threshold impedance lave). Abo the warning signal may 
be directed to a control circuit or power controller adapt* 
ed to then provide an appropriate *istrument response, 
including where appropriate to turn oft the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of opemting apparatus for eiectrosur- 
gicaUy treating tissue during surgical procedure is pro- 
vided. Accordingly, a pre! erred method comprise* me 
steps of: applying RF energy to tissue to be etectrosur- 
giealiy treated by means of an eiectrosurgical instru- 
ment; measuring the impedance of the tissue between 
electrodes corresponding to two poles of the etectrosur- 
gical instrument; generating the irnpedance signal rep- 
resentative of the impedance .of the tissue; and control- 
ling the RF energy applied to tne eiectrosurgical instru- 
ment in response to the impedance signal 

The step of cc*motl*ng the RFenerp* applied to the 
etectrosurgica! trtstrum^ rnay comprise the steps of. 
determining and holding minimum mpedance value: de- 
termmng a threshold irnpedsr^ce value based on * func- 
tion of the mvumum impedance value; cornparlng meas- 
ured impedance values to the threshold impedance val- 
ue; arid generating a earfrot signal to control or switch 
off the power of the controller upon the condfcion of 
measured impedance value exceec^ ihe threshold im- 
pedance value. 

In accordance with yet anotfw aspect of the present 
invention, a method of operating an etoctrosurgical ap- 
paratus tor coagulating tissue during surgical procedure 
composes the steps ot providing an eiectrosurgical in- 
srrument having an end effector comprising the first and 
second tissue engaging sur^ 

and second tissue engaging surfaces including thereon 
a tissue contacting electrode, assoctaled with a first pole 
of an electrosuroical system and at least one of said first 
«yxi second tissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between the first and second useue engaging sur- 
faces; selectively controlling RF energy suppfied to the 
first and second tissue contacting electrodes tor coegu- 
lating t issue positioned therec^ measuring the m- 
pedance of the treated tissue: tetemvning and holding 
a minimum impedance value: determining a threshold 
impedance value based on a function of the mnmum 
impedance value: comparing measured impedance vat- ! 
ues to the threshold irnpedance value; and controlling or 
•witching off the RF energy connected to tno first end 
second electrodes upon the conottion erf the measured 
impedance value exceeding the threshold impedance 
value. 

Other objects and advantages of the invention wit 
apparent from the foeowihg description, the accompany- 
ing drawings and the foeowing claims • 



Brief Deecrtetlon of the Drawings 

Fig. t is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
5 present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end ot the mtrvment of Fig. 1 in an open position; 

io Fig. 3 is a partial cross-sectional view of the distal 
end of the instrument in Fig. 1 in a closed, untired 
position: 

Fig. 4 is a partial cross sectional view of the distal 
15 »nd of the instrument in a closed, fired position ; 

Fig. 5 is a front cross sectional view of the distal and 
of the instrument of Fig. t along the fene 5-5; 

20 Figs. 6-9 represent a schematic Wc<^ otegram of a 
microprocessor controlled impedance monitoring 
apparatus for cert rosing the RF energy b^lwired by 
eiectrosurgical instrurnent of Figure if^ * 

2S Fig. 10 is a schematic bibck cSe^m^ol an analog 
embodi m ent of me controller fdr use in the appara- 
tus of Figure V. ^ 

Fig. 11 Is a logic diagram of the control* off ig, 10 
x> iiustmtii^controrio^ 

Fig. 12 is a characteristic curve illustrating the 
change in irnpedance over time during application 
of eiectrosurgical energy to tissue using the electro- 
ns surgical instrument «ustrated in Figure 1. 

Detaaaj De ^totfcm of the Invention 

While the present invention is generally applicable 
ao to a variety of electrosurgicaJ irtstniOwnts both monopo- 
lar and multipolar, and both cc*Wenttonal and endoscop- 
ic. H win be described herein with reference to a bipoiar 
linear cutting ^strument 

The primaiy purpose Of iha impedar^ 
«5 device » to detemiirW when the tie^ treated 
toa desired degree. Preferably this treatment iscomplet- 
ed when the tissue has been cauterized end before ex- 
cessive tissue sticking, burning or charnng occurs. The 
impedance of tissue as it is being heated with electro- 

so stirc^erierw9"*^«°^^ 

■npedence curve. Acconftng to the impedance curve, 
generasy the impedance win decrease, arrive at a mini- 
mum value, and then rise as coagulation and tissue c*es- 
iccation occurs At an impedance or within a range of 

55 vnpedances on a characteristic curve, coagulation wtll 
predictably occur. 

Figure 12 is a characteristic im pedan c e curve ittus- 

trairvo th« etvanoe in essus impu de n ce Ume..«*j«««o 
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the application of electrosurgical energy using the elec- 
trosurgical instalment illustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred Z tAry « t 46. 
Tha impedance is based on the value ol the lowest m- 
pedance on the curve. 2^45.10 . when the impedance 
has stopped tailing and begins to nse. A function ot the 
minimum impedance 1(2^) b used to aporoxamatery 
prexect a point at which coagulation occurs. Z^^, 46 

Referring now to Fig. 10. there is illustrated a sche- 
matic bbcfc diagram of an analog embodiment of the m- 
pedance mentoring device of the or esent invention. The 
impedance monitoring device determines when coagu- 
lation is complete as wel as other instrument parame- 
ters, for example, rf there is an open circuit, shod circuit 
or rf voltage and current b supplied to the tissue for more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
anoVor tissue engaged by the instrument. For example, 
if excessive, not enough, or inappropriate tissue is en- 
gaged by The instrument: 

the instrument 10 is positioned to engage tissue to 
be treated. Then, when appropriately positioned. RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instrument 10, Prel- 
erabry, 30 to 200 voAs RMS at a fundamental frequency, 
preferabry of a sinusoidal waveform at a frequency of 
about 300 Kh2 to 3 Mhz is supplied with a current of about 
0. t to 4 0 amps. The generator 70 is turned on by a user 
operated switch 42. The user operated switch 42 pro- 
vides a signal, to the con! rotter 79 to turn on me energy 
The output 129 of the controller is coupled to an analog 
switch 1 30. When output 1 29 provides an "RF on* signal 
to the switch. 1 30. an escalator 72. coupled to an analog 
rnurtipter 75 through the switch 130. suppees a vo«age 
of a known freq ue ncy to the analog muttipfcer 75.. The 
output of the analog multiplier 75 is coupled . to a driver 
76 which is coupled to the input of an RF arnphfier 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 80 which includes the first electrode 39 and 
second electrode <anvi 1 8) of the instrument 10. and 
the tissue 43 to be treeted by the instrument 10. 

The current and voltage delivered to the tissue is 
measured and an RMS current Onus") Bna RMS vo»* 
a9* CVrms") ■* dotermined. 

A voltage and current sensor 81 senses the current 
and voftage delivered to the tissue. The voftage and cur- 
rent sensor 81 includes a low impedan c e current trans- : 
former 82 in series wih the generator 70; and a high* 
impeaance voftage transformer 83 connected in paraflel 
across me generator 70. Preferabry the current trans - 
former 82 has. .for. .example! .a 1:20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer. Preferably the voftage transformer 83 has. 
tor example, a 20:1 winoVig ratio and a IK ohm resistor 
in paraflel with the secondary ot the transformer. 

The output of the current transformer 82 is couoted 



to an RMS convener 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of i* MV The output of the voltage trans- 
. former 83 is coupled to an RMS converter 85. The RMS 

5 converter 85 converts the voltage signal into an DC sig- 
nal end provrte output 87, representative of V RM3 . 

The measured impedance. Z; is then calculated 
from the measured l RMS and V RU3 . The outputs 87. 85 
of V nMS and t^us supplied to an analog divider 68 
to which divides the V^,) by the current Irm* to provide 
an output signal 89 representative of the measured Im- 
pedance, Z. 

From the 1^, V KM9 and measured impedance, Z. 
. the impedance rncoitoring device deterrnines whether a 
i& ehort circuit or open circuit co ndi t i on exists, whether volt- 
age and current has been delivered for an amount of time 
exceeding a predetermoed maximum, and whether co- 
agulation ts complete. 

A short circuit condition is determined by .comparing 
20 the measured impedance, Z. to a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is Wte V to exist < # Z SC *). If the measured Z is at or 
below the Zsc, a short circuit signal is provided to the 
controller.. 

6 -The impedance signal 89 Is input to a snort circuit 
detector 90 comprised of a comparator: The positve in- 
put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance. Z^ . When the 
impedance signal 89 causes the input at the negative 

30 input 94 of the comparator 91 to be lenver than that at the 
positive input 92. an "On* condiuon occurs atthe output 
95 of the comparator 91 . Hue condition is cornrnurwcalod 
to a logic controter 79 which provides a preprograrnmed 
instrument response, which, m this embooiment, in- 

js eludes turning off RF energy. 

An open cscut condition exists if there is a voltage 
between the electrode s 18. 39. and no current An open 
circus is determined as follows: ft the V RUS is above a 
predetermined rrwwnum threshold indicating a voltage. 

40 V+rw* and m# l m*s » below a predetemwied minimum 
current threshold indicating a current l*»n~* fhen en 
open circuit signal is provided to a controller. 

A current threshold detector 106 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 

*s tentiometer 1 07 sets the level so that when a cur- 
rent is present, the current detector 106 win indicate as 
such. The Ir^ signal 86 is connected to the positive in- 
put 109 of the comparator 106. Thus, when the l^ss * 
greater than the value. 1**^* set by me potentkjmeter 

so 107. a positive voftage appears at the output 110 ot the 
current threshold detector 106. 

SirnHany a voltage threshold detector 113 inchides 
a pc4emiometer 1 1 4 connected to the negative input 115. 
The potentiometer 114 sets the voftage threshold at 

55 whk* trie threshed o^tector 11^ 

put. V*,,^ when a minimum voltage is present. The 
V*ms signal is input to the positive input 116 of tie 

tnrochold c*ot*etor 113 TI»o«. H t*m V^^a * wrm mr *~ 
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Vtfu*.* &Y the potentiometer 114. a positive voyage 
will appear at the output 11 7 ol the voltage threshold de- 
tector 113. 

The output 1 1 7 ol the voltage threshold detector 1 1 3 
is etso coupled to an AND gate 111 and the output 110 
of the current threshold detector 106 « coupled to an in- 
verted input 1 1 2 of the AND gate 111. The AND gate 1 1 1 
acts as an open circuit detector. When the exceeds 
the and where the l RM3 does not exceed l*^, 

a togtc 1 wW appear at the output 120 of the AND gate 
ill indicating an open circuit. The output 120 of the AND 
gate ill is coupled to the controller 79 to communicate 
me open circuit status. 

If current or voltage is supplied an extended period 
of time and a coagulation complete condition has not 
been, detected, it may indicate, for example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred. If the V AMS is above the predetermined 
Vemh or ,h * ( *ms ** Above l mmaK . then a timer is turned 
on. if the timer is on for a period of time greater than a 
predetermined maximum amount of time. T^. men a 
tvne over signal » provided to the controller. If the dura* 
i tion of the toner on is not greater than then Vie de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current voltage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 106 
is coupled to an OR gate 1 18 which is coupled to a timer 

121 . If the tpuig exceeds the l fc #**»>. the output 11 0 of the 
current threshold detector 106 will present a logic 1 to 
the OR gate 11 6 which win then turn on the timer 1 21 . 

Simrta/ry the output 117 of the vottaoe thresholdde- 
tector 113 is coupled to the OR gate 118. If the is 
exceeded by V^, the OR gate 1 1 8 wit* present a logic 
1 at its output 119 and turn on the timer 121. The output 
123 of the timer 121 is coupled to the convotter 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threshold time. T^. the output 
123 wil be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 

122. when the instrument 10 to reset 

A coagulation complete condition is determined as 
foftdws: First. Z^ is determined. Then, a target snpsd- 
ance at which coagulation is complete. Z,^^. is calcu- 
lated as a function of the minimum impedance. The initial 
irnpedance, Z^*. Z^,, slope of the impedance curve, 
and time to complete may vary for a given application 
anoVor instrument, but tend to correlate to a function of 
minimum impedance. Depending on the instrument used 
and/or the, actual desired result the actual function of 
Tiwmum impedance may vary. In this particular em bod 
iment HZ^) is linear; l(Z^,J - 0.2Z + 500 This function 
is bound. Le.. where 7 tnm ts > 560 ohms, then Z imt ^ % is 
Z^n SO ohms. HZ^) may be a drfferent function. It 
may be continuous, non-coalnuow. linear, non-linear, a 
piecewtse approximation and/or in the form of a look-up 
table. t(Z^) may also be bound at different values 

Tns impedance signal 89 is used to determine essuo 



coagulation as follows: First, a determination is made 
whether the measured Z is a minimum impedance. Z mio . 
The vnpedance signal 89 is inverted and offset by a gam 
offset inverter 96. The output of the gain offset inverter 

* 96 is in turn is coupled to a peak detector 97. The output 
102 of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z+k). Z,^ will now 
be the highest offset value of (-Z + k) encountered. 
The peak detector 97 thus detects and holds the 

io highest value of th e inverted and offset measured imped- 
ance. Z. which is Z**. When Z^ has occurred, the out- 
pi* 103orth«p^kdetew^97bfopr» w i^ool(*Z WMrt 
* ♦ k) RF energy is continued to be applied to the tissue 
and the monllormg for short circuit open circurt and time 

'5 over as well as looking for a Z„^ continues untilaZie 
equal to Z^,. 

When the Z,^ has been detemwried, function of the 
Z*m> «(*»»»» to calculated to provide a impedance, Z^_ 
^ at which treatment (coagulation) b completed. The 

20 output 103 of Ihe peak detector 97 is coupled to a thresh 
old determining circuit 90 which calculates the function 
of Z^ to determine the Z^^ The output 99 of the 
threshold determining circuit b representative &% af99% 
when the measured knpedance is equal to 7^ 

& A continuous comparison is made between Zand! 
(Z^jJ. It should be noted here that f(Z„^ » continuousry 
calculated as f(Z) unti a 2^, is c^ecteU The compari- 
son is continuously made between Z and f(Z) untl 7 ^ 
is determined This does not have a signtrtcant Conee- 

30 ■ quence. however, because it is anticipated that f(Z) will 
be larger than Z during tissue treatment and a premature 
coagulation complete signal fterefora w* not occur. 

tTmeasured Z to less than or equal tothe Z twf then 
Pf energy is continued to be suppfted and steps de~ 

*s scribed attove are ouriedcnjtunt^ 

vided to me controfter that there is an open circuit signal, 
short crcuit signal, a time over signal, or a coagulate 
complete signal. If the measured Z is greater than or is 
equatto^^.,* then a signal is provided to the controller 

*e thai coagulation has been completed. Again it to noted 
that in this embodiment Z has been inverted and shifted 
in order toacccynmo da te Z,,^ determination via the peak 
detector 97. The impedance values referred to in this 
paragraph are the actual knpedance values 

45 The output 99. 2^^, of the thresr»»ddetern*ning 
circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp lOO The output 102 of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator 100. The comparator 100 compares the -Z 

so > k representative value which is input to the negative 
nput ifMot the comparator 100. to the Z^^, represent- 
ative value which is calculated as a function of -Z^ ♦ k. 
if -Z ♦ k is teas than or equal to the Z,^^ the comparator 
output 105 wiH be positive. That to. if the measured Z is 

£5 greater than t(Z mm ), a coagulation complete signal wrfl 
appear at Ihe output 105 of the comparator TOO. 

A signal is provided to a controller for each condition 



o 
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the existence of one or more of these conditions the OF 
energy is automaticetly turned oft by the controller Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 124. a coagu- 
lation complete input .125. an open circuit input 126 and 5 
a tsne out input 127. as woH as a meet input 128. The 
controftsr 79 also includes a RF control output 1 29 which 
switches on anoYor oft the RF generator delivery of etoc- 
trosurgicaJ energy to the tissue. As long as the output 
129 is a logic J. the RF is on. The output 129 is a logic 
1 when coagulate complete 125. time out 127. short cir- 
cuit 124. the open circuit 126 and the reset input 128. 
are alt at a logic *0V If any one or more of the Inputs 124. 
1 25. 1 26. 1 27i 1 28 are at a tog* ' V the RF control output 
1 29 is a logic - 0 # and the RF is turned oft « 

A preferred ernboo V nent provides a control dev»ce 
which controls the generator energy output based on 
load impedance, the load impedance is used to deter- 
mine a preferred energy, level, e.g.. voltage, current or 
power level, based on a spedhc system load curve for a ^ 
generator, instrument and/or application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator oulputaocoro^ tp lhe d^erence be- . 
tween the two. i.e.. preferably to minimize the difference,- 2S 
between the two. 

The specfic load curve preferably reflects tho volt- 
age, current, power, for. a range of impedance that wiH - . . 
optimize performance of the instrument: The load curve 
may have various forms, for example, it may be cent in- x> 
uous or may be stepped. The load curve may vary from 
generator to generator, tor [ particular instrument in use . 
with the generator, or for a particular eteciroeurgicel ap- 
plication of the generator. For example, in a one embod- 
iment using an instnjment T such as described herein. ^ 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e.g.. approxvnatsty 20 to 
100 ohms. In the lower ranges, more current ts required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of. impedances, e.g., approximately 
1 00 to 500 ohms, requires enough p ower to maintain the 
coagulation process. A third range of higher wnpedances 
typically occurring towards completion of coagulation, 
e.g.. approximately 500 ohms and above, requires the 
voltage be limited to prevert sparking and tissue sticking. 
Thus the system load curve in this embodiment would 
reflect both the rnnerent characteristics of the generator 
and votage output at which optimum power a delivered 
tor a partx^r tnpedariai. as well as the specific power so 
requirements for a predetermined instrument and appli- 
cation. 

Ret erring to Fig. 10. a generator with a servo loop 
control device, is illustrated. The impedance signal 69 
and the voftago Vrhs signal 67 are fed back to the gen- ** 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causes trie generator 70 to oroduce volt- 



ages within a desired range based on a load impedance 
fit to a spectfx: load curve. 

The impedance 89 ie fed to a function fitting device 
61 . The output 64 of the functnn fining device 61 repre- 
sents a desired voltage based on the input impedance 
89. This desired voltage function is the voltage required 
tor the generator 70 to produce a particular, ore-deter- 
mined load curve. Desired voltage output 64 along with 
actual voltage is fed into en error amplifier 62. The output 
65 of the error amplifier 62 represents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77. 

Aftematvefy. current, power or another energy pa- 
rameter may be used to control the output of the energy 
source or generator 70. A signal corresponding to im- 
pedance of the target is stout into the function fitting do- 
vce which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 
parameter. ,. 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of osoAator 72 such that targe 
error voltages at output 65 result in targe outputs from - 
RF amplifier 71. And smafl error voltages of output 65 
result in smaller RF output from RF amplifier 71 . Thus, 
generator 70 acts as a ctosecHoop servo system based 
on voltage such that a desired toad curve is obtained. 
The loop compensation device. 63 acts to stabilize the: 
servo loop. If an electrical parameter other than voftage 
is used, the form fitting function preferably outputs a sig- 
nal reflecting the difference in the alternative energy pa- 
rameter. 

Referring now to Figures 6-9 a nw chart ilustrates 
a method for carrying out a microprocessor controlled 
embocfiment of the present invention. When tho system 
is turned en (block 200). the variables including Zm», 
v tve*n ■ Mme over, and Z^**. are Initialized (block 
201). The system continues to look for the activation of 
the RF switch (block 202). When the RF switch rs turned 
on. the interrupts are set for RF Switch (block 203). tor 
Short Circuit (block 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes to the mstructtonc 
associated with blo ck 234. 

After the interrupts ere set. the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(block 207). e.g.. to look lor an Amplifier On signal or to 
check If certain votagee are an a suitable range. It the 
amplifier is operating property, RF energy is turned on 
(blocks 208 and 209). 

. . If the arnpkfier is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a HmrGwmn 
Failure Alert flag is set (block 211). The system looks for 
a hardware latum flag (block 233). When the hardware 
failure is detected, the cctfTtroder provides a hardware 
failure alert indication and shuts off (blocks 243 end 

2*41 
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If hardware failure is not indicated (block 233). then 
v fiw and U» * road (block 235) to determine a any volt- 
age or current is being supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 is reached, there 
should be no current or vofcage. If there is a voltage or 
current with the RF request off. then there is a hardware 
failure. A hardware faiure alert is indicated and the pro- 
gram is stopped ( blocks 243 and 244). 

It RF energy is turned on (block 209). then the V, m . 
and are read and the impedance. Z. is calculated by 
dividing the by the 1^. (block 212). The controller 
checks to see if the V #AaM9 and J**** flags are sot 
(block 21 3). These flags are set when a minimum thresh- 
old voltage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V mtlA and flags are set (21 3) the soft- 
i ware looks tor a ume over condition to determine if the 
device has been on for a penod of time in excess of a 
'maximum If a time over condition is recognized, the tm- 
>er flag ts set. RF energy is turned off (blocks 218 and 
2 1 9> and a hardware failure check is run (block 233). 

After looking for a time over condtoon. the controller 
checks for a shon circuit or open circuit condition. II a 
short or open circuit exists, the conesponding short cir- 
cuit or Open circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware Mure check is 
run (block 233). 

. The controller checks again for V ><l>t)l , end 1,,^^ m 
block 222. before proceeoing to the threshold determin- 
ing portion of the circuit illustrated in Fig. 8 It the voltage 
or current dkJ not exceed Vf^* or t mrart> in blocks 214 
and 216, the controller iterates me sequence beginning 
at block 212 for detecting time over, short circuit, open 
circuit Le., the coagulation complete detection enable 
This enables the device to wait until enough current arid 
voltage is deftvered to me circuit to check for the coagu- 
lation complete condition 

f "ttthe V yn nti and l #fMM9 flags are set. the short circuit 
and Open circuit bits are not set (block 220). and the time 
over condition does not yet exist (block 219); the meas- 
uredimpedance used to determine if coagulation ts com- 
plete as follows. 

The Z initial flag is set during the first iteration and 
Zntm ■* initially assigned the measured impedance value 
(blocks 223-225). tnitiaty. b the same as the meas- 
ured vnpedance and thus block 227 is bypassed at block 
226. A calculation is made of 1(7^) (bloc* 228). As long 
as the measured impedance is less than M y ,nu) 
sequence is iterated (229. 231) In the next iteration of 
blocks 223-231 , the newly measured vnpedance is com- 
pared to the previous measured impedance which has 
been assigned (block 226). As long as the imped- 
ance a decreeing. wM be reassigned the new val- 
ue of the measured impedance (blocks 226 and 227) and 
the steps repealed. When the measured impedance is 
or*at*r than or •ou*< to trz__). • © Iho ttw*cHok« imoM*. 



ance. the coagulation complete flag is set (block 230) If 
coagulation complete flag is set, the BF is turned off 
(block 232) and the hardware failure check is run. 

It after the initial run through the program e hardware 

5 failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program determros the cause and indicates 
as such (blocks 233-242). The and i m9 are read, 
(block 235) tf no current or vottage is being delivered to 
the system, the controller checks to see tf the open eir- 

to curt, short circuit or lime over flags have been set (brock 
237). If so then a signal vMficates which flags have been 
set. and the program is relumed fto start (blocks 240. 
242). Similarly, the controtter checks for the coagulation 
complete flag (block 239). M there was the coagulation 

is complete flag has been set it w« be indicated lor ten 
seconds (block 241 ). if not. it wHl be indicated as not com- 
plete (block 240) and the program wW return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry out the steps of Figs 6-9 are 

20 adapted to provide a complete iteration of al the steps 
at least every 1/50 second. 

Referring now to Figs. 1-5 there is irtustraiod an in- 
strument to be used in conjunction wrto the impedance 
feedback device of the present invention. Art endoscopic 

2$ linear cutting and stapling instrument 1 0 is s^oym having 
a housing 1 6 coupled to a shaft 30 with a fivfieh extend- 
ing therethrough and an end effector 15 extending from 
the distal end c* the shaft 30. The end effector 1 5 com- 
prises first and second elements which are comprised of 

30 tfYterfacng ^w members 32. 34. Jaw memos* 32 brnov* 
ably secured to jaw member 34. The housing 16 has a 
clamping trigger 1 2 for closing jaw memb ers 32, 34. Jaw 
members 32. 34 are shown In an uncianped position in 
Fig. 2. in e damped position prior to instrument firing in 

*s Fig. 3. and in a damped position after instrument firing 
in Fig. 4. 

Jaw member 32 comprises an anvil 18. U-shaped 
electrode 39 extending along the length of the jaw 32. 
and a U-shaped insulating material 31 surrounding the 
«o outside of the electrode 39. Ja^ member 32 has an inner 
surface 33 which faces en inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically communicating ele ctr o d e bars 27. 28 forming a 
first pole and located on and extending substantia tty 
«5 along the length of me inner surface 33. The U-shaped 
electrode 39 is comprised of a conductor, such as. alu- 
minum or surgical grade stainless steel The bam 27. 28 
are separated by a knffe channel 29 ext e n ding longitu- 
dinally throupji the midcfte of the electrode 39. Pockets 
so 38 located on anvil 18 for receiving staple ends are lo- 
cated along the innw surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27, 20 and insulating 
material 31 form a ridge 56 extending out relative to an 
anvil portion 37 of the inner surface 33 (Fig. 5). The elec- 
ts uode 39 acts as a first pole of a bipolar system. Theerrvtl 
18 is formed of an etectricaJy conductive material and 
acts as a second pole of me bipolar system, el ectrical l y 

oodocm »o tK« Sr«t pof T*m m**M 10 %m * 
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tated from the electrode* by the U-shaped insulating ma- 
terial 31. 

Bipolar energy may be supplied to the end effector 
15 from electros uryicat generator 40 (fig. 10) through 
wires 1 9. 20 extendmg into the body 16 of the instrument. 
The generator 40 is user controsed by way of switch 42 
(fig. 10). Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extenrjng 
through shaft 30. Wire 20 carries a current to the anvil 
18 and is coupled to the anvil 18 through an electrical 
contact means extending through the shaft 30. The etsc- 
triceJ ciicuit m closed when and only when the damping 
trigger 12 is closed. A means of connecting the wire to 
the corresponding electrode as wefl as instrument actu- 
ation means are described in parent a ppli cat ion S.N. 
06*095.797. irxaxporated herein by reference. 

Jaw member 34 comprises a cartridge channel 22- 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 etudes strsck 25 hxws<*gs 13. s knrf» 
• channel 26 exterxtogrlbhgsuo^^ center 
of the cartridge 23, a senes of drivers 24 e x tending into 
the track 25 arid staples 1 7 arranged in two sets of par- 
aHet double rows. When tissue Js engaged between 
clamped jaw members & 34, a firing trigger 1 4 located 
on housing 16 may be actuated to a dvance a cutting et- 
emem 11 through the engaged tissue to cut the tissue. 
Ssnuflaneousfy, when the firing trigger 14 is actuated, 
the wedge 1 3 is advanced through the track 25 causing 
the drivers to 24 to displace towards the staples 17. 
thereby driving the staples 17 through tissue and into an- 
vil pockets 36. 

In operation; the end effector 15 of the instrument is 
located at a tissue site where tissue is to be treated. The 
jaw members 32, 34 are opened and tissue 'to men 
placed between the interfacing me* surfaces 36.33 re~ 
spectrvefy of Jaw members 32, 14, The ctarnp i ng trigger 
12 is squeezed to cause the jew members 32. 34 to cftoee 
to locate and compress tissue b etwee n , the interfacing 
inner surfaces 33, 35. The closure of the ciamprig trigger 
12 also closes the electrical ctrcurt When the tissue has 
been ap pr opriately equated between the Jaw members 
32. 34, a user may apply RF energy from the generator 
40 using a user activated switch 42. Current flows 
through the compressed tissue be t ween the electrode 
39. i e.. the bars 27. 28. and the env* 16 

After the RF energy is turned off, the controller indi- 
cates the instrument status, e.g.. open circus, short cir- 
cus, coagulation complete, time over. If the coagulation 
complete status is indicated, the firing trigger 1 4 may be 
actuat e d to aoVance cuthng element 11 through fcnio 
channels 26. 29 to cut en ga ged tissue between the bars 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 25 to advance drivers 24 to fire staples 17 
through tissue and into pockets 36 of the am* 18. Thus, 
the cut tine is lateral to the coagulation fines formed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tangrtucfcnaBy doubts rows on eech *Jds of Ihs cuttro 



ementll as the cutlv>g element 11 cuts the tissue. 

The invention described and the specific details and 
the manner in which H may be carried out having been 
exemplified it win be readily apparent to those staled In 

5 the art that innumerable variatnns, mediations, and 
extensions of the bass: principles involved may be mado 
without departjng from the spirit and ecope of the present 
invention. The impedance feedback system as de- 
scribed above is used to indicate when eufficient cauter- 

io 'nation has; occurred. When coagulation is complete, a 
signal may be p rovided by a controller to a user, or e 
coritrosor may automa ti c as y turn off the RP energy, Oth- 
ersrp^asvmaybeprovkMto 

For example a tone corresponding to the measured 4m- 
>s pedance may be provided to a user to audtoly monsor 
the change in impedance. 

It is also intended that this dmr c eancycr method be 
used w4h numerous lypsa>c4oJectrp • 



: tJons, Theinripedancefee be include* 

in part or in whole with the actual instrument, as a sep- 
arate unit and/or with the energy source or generator. 



25 ctetme 



1. 



A control device co mp ris ing: 

. . .. impedance moasu/6mafrt:ClrcuJtry adapted to 
be co uple d to tissue-oonia^ aseocH 
ated wim a titsoe-treatr^ cort<>r> of a surgical 
instrument and to an energy source adapted tosup- 
ply therapeutic eleclrmurp>^ energy to said elec- 
trodes; and ,. . 

an energy control elgneJec^ptsdtocomjolRF 
energy svppsed from said energy source to said 



w herein said impedance m eas ur e m e nt cir- 



cuitry ie I 

to measure the impedance of tissue engaged 
by said tissue-treating portion of said surgical Instru- 



to determvte a minimum impedance value; 

to de t er min e a target Impedance value as a 
function of said minirnum impedance value; 

to compere measured i mp edan c e values to 
said target i 

to I 

measured impedance value exceeds said target 



2. The control device of ctaim 1. wherem said snped- 
first device for 



aeeoor*Jo*vftcs>eoopledtos*«JfM 

m target m^edance value as a func- 
tion of said minimum snpedance value: and 
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aoco values to said target impedance value and for 
generating a signal indicating whether said meas- 
ured impedance value exceeds said target imped- 
ance value 

3. A control device adapted to be coupled to an energy 
source for providing electrosurgical energy to tissue 
to be treated, the control device composing: 

a first input I or receiving at least one of a first 
signal representative of voSa^deirvered from said 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
source to said tissue: 

a second input for receiving a third signal rep- 
resentative of a target impedance for said tissue on 
the energy source, determined from the 4 first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to a system load curve, the fourth signal 
corresponding to desired energy output for me tar- 
get loan impedance represented t^ trte third signal; 

whsrein said control device is adapted to: 

control energy output by me energy source 
based on the third signal representative of the load 
impedance; and 

control the energy source to bring electrosur- 
gical energy delivered by the energy source to the 
target wimfn a range of desired energy output based 
on said system toad curve. 

4. The control device of claim 3 which incfuc let a com- 
parison device for comparing sari fourth signal, rep- 
resentatrveof desired energy output, to at least one 
of said first and second signals, said ccrnparison 
device being adapted to provide a control signal for 
controlling cak* energy sourc* 

Si -'The control device of claim 4, wher em said control, 
v signal represents a difference between said fourth 
signal and said at least one of said first and second 
signals. 

5. A generator lor presiding etectrostirgicaJ energy to 
an electrosurgical device, said generator compris- 
ing: 

an electrosurgical energy source for providing 
etectrosurgica! energy to said electrosurgical 
device; and 

a control device according to any one of claims 
1 toS. 

wherein me control device is arranged to con- 
trol the output of said energy source 

7. - An electrosurgical device for treating tissue during 
a surgical procedure, the electrosurgical device 
comprising: 

isolated first and second elec- 



1S 
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trodes adapted to contact tissue to be treated and 
to cause electrosurgrcal energy to be conducted 
between said electrodes through said tissue: and 

a control device according to any one of claims 
5 t to 5. 

wherein the control device b adapted to con- 
trol the output of said electrosurgical energy 
between satd electrodes. 

io a. An electrosurgical device for treating tissue during 
an electrosurgical procedure, the electrosurgical 
device comprising: 

electricaly isolated first and second elec- 
trodes adapted tocontraet tissue to be treated and 
to cause electrosurgical energy to be conducted 
between said electrodes through said tissue: 

an efectrceurgtcat energy source for picvicW>g 
said electrosurgical energy to said electrodes; and 

a corttroldeyiceeccor^ 
ttoS. .' 

wherein said control device is arranged to con- 
trol the output from sold electrosurgical energy 
source to said electrodes- 

2S 9. tne electrosurgical device of ctoim 7 or 8. wberewi 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other tor 
engaging tissue therebehveen. 

jo 

10. The etectrosurojcal device of claim 9. wherein eaid 
second electrode is located on the other one of eaid 
first and second elements. . 

35 11. The electrbsyrgjeal device of claim 9. wherein: 

said . first and second elements each com- 
prises an interfacing surface tor engaging tissue to 
be ekecuosurgicafty treated. 

said first and second electrodes each com- 
to prises one or mors electrode elements located on 
said interfacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said interfac- 
ing surfaces. 

45 
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